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COMPLETE SPECIFICATION 

Aerobically Polymerisable Compositions 

orgaJSd a^'cxfsS u° Company, a Corporation 

America? of 250 Hud"on R^H S £ te of De,aware > Unittd of 

America do £~L 5l u 03 ^ PauI > Minnesota 55101, United States of 

described in^t the » * » * P a ™U 5 

acrobicaHv^SrSble" eS^ST^ ° f 4Crylates and more P a " icuIar, v » 
boraxuj «^p^ th TtSfvm?52S^ 5 0m P« SIn S acxylate monomers and cr&iyl 
10 Comoonnrf P 0 !^"^ 13 " of which can be initiated by free-radical catalysts 

compounds when treated ! irh ™I' T 18 known That certam °oron-containine 
of ethylene und cr assure rVo^ln,- 38 for ^ Polymerisation 

merisauon of si Eri^K " ° f /"" °, r 0Xy S en affeeB the s P eed of poly- 

15 inhibits ,„c , Sf Sa?1? ,M adVCrSCl ^' however ' and som « imc s «"rirely 

presence o F m™h a,"' or wCS^e J?r ( ^ , '- ,eim "'^Polymerisation occurs in the 
example, in dental LSiirfon, ^ ^ " S ? UP ? ed by air " man ipul«ion, as, for 
irAtbh^^T^^JL^ • a PP v ljCatl ? n of ad h«'" v « and sealants/this 
or incornol-te and S?. ™ antageW i? Smce 2* Po^en'sation is generally unre iable 

20 conSS P 1 prccaunons have * be taken to provide essenrialiy anaerobic 

borane° aT-dcS' '!£, the .P»«nt .invention when certain complexes of triarvl 
••«Sw^ c * d ,S,JL , ^i I i? b,c mjxwief of ethylenic monomers and free-radiS 

•«^^ p^7.i^ P * ,,0n, rCad ' ,y aCtiVatCd 30d f0im US€fuI P 01 ^" 

25 of" a ^cVSicV'S^ f r0Vi< ! eS com P wit i ons are activatabie in the presence 

of a ^iaryl borane complex (as teitinSSd^^ ° f ^ m ° n ° mCr ° r m ° nome ' S 
a , H J^J 1 ,s P° ssible t0 Prepare compositions of the invention from the monomer, 
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which do not dissolve further oxygen rapidly. Such monomers thus may be charac- 

tensed nv rvinc* normal v ^n^ifwn m u.— i i„ • • . . * 



tensed by being normally sensitive ro oxygen but not completely inactivated therebv 
and arc usually polymerisable under forcing conditions of elevated temperature and/or 
high catalyst concentration, particularly, where protected from acquisition of further 
5 dissolved Qxygen, as for example by flooding the surface with an inert gas or, as in 5 

certain dental applications, covering with an oxygen impermeable cover of wax or 
sheeting. 

A particularly valuable class of monomers are the bis-acrylate or bis-methacrylate 
esters of long chain alpha.omega glycols which have a structure between the hydroxyl 
10 groups not containing reactive Mibstiments which would cause cross-linking before the K 
compositions of the invention are cured. ... 

Because the compositions of the invention are activated by acids they normally 
include only monomers which are neutral in reaction, or expressed differently, arc 
free from acidic functional groups. They may include ester and amide groups Copoly- 
I* merisablc acidic monomers arc employed for particular purposes, however, in Imajn 1- 
embodiments of ;he invention. Mixtures of monomers can be employed "to produce 
copolymers, and low molecular weight prepolymers derived from such monomers 
can also be used.The larger bis-acrylate or bis-methacrylate terminated molecules may 
be considered as prepolymers since they are sometimes conveniently made by the 
20 reaction of glycidyl acrylate or methacrylate with a complex bisphenol or polyol 2( 
The monomers employed in compositions of the invention include esters of acrylic 
and methacrylic acids, containing up to about 100 carbon atoms e.g. methyl acrylate 
methyl methacrylate, ethyl acrylate, ethyl methacrylate, *-butyl acrylate, allyl acrylate' 
2-ethyIhexyl acrylarc, «-buty methacrylate, fusel oil acrylate, hexyl methacrylate' 
25 octyl methacrylate, dccyl methacrylate, lauryl methacrylate, or stearyl methacrylate! 2 £ 
and di-functional esters including, for example, tetraethyleneglycol dimethacrylate 
ethylencglycol dimethacrylate, and bisphenol A bis(glycerylmono-methac-ylate) ether 
as well as the bis-acrylatcs as described hereinbelow. Liquid mixtures of acrylate- 
type monomers which produce copolymers in conventional anaerobic free-radical poly- 
30 mensation produce copolymers under aerobic conditions when employed in the com- Im- 
positions of the invention 



Examples of suitable free radical catalysts for inclusion in compositions of the 
invention arc benzoyl peroxide, /-butyl hydroperoxide, azobisisobutyronitriie and 
methyl ethyl ketone peroxide. 

The triaryl borane complexes which are incorporated in the compositions of the 35 
invention arc represented by the general formula: 

(R) n B — Am 

in which R represents an aryl radical having from 6 to 12 carbon atoms and Am 
represents sodium hydroxide, ammonia, benzene or an amine. 

In some instances polymerisation appears to proceed to a highly cross-linked or 40 
insoluble state. This effect is particularly evident when certain compositions of the 
invention which contain oxiranc groups are employed. Such compositions may include, 
e.g. glycidyl acrylate and/or methacrylate, either added as such or as the result of 
reaction of an excess thereof with a phenolic compound to give a bis-acrylate. The 
45 result appears to be formation of interpenetrating reticule polymer molecules which 45 
seem to be mutually reinforcing as to the gross mechanical properties of the resultant 
polymers. In such compositions polymerisation of the monomer moieties possibly is 
induced by the free radical catalyst and triarylborane, while polymerisation of the 
oxirane moieties is induced simultaneously by the basic component of the nitrogenous 
50 complex, cither as the free base or as the cation of the salt formed with the acid added 50 
to activate me composition. 

The triaryl borancs employed arc preferably those in which the aryl groups arc 
free from interfering subsmucnt groups such as hydroxyl, carboxyl and amino groups 
which would cause instability of the complex. However, groups such as halo, alky! 
55 and alkoxy may be present as substituenrs in the aryl radicals. In general, all such 55 
triaryl boranes form complexes which are useful in compositions of the invention. It 
is presently preferred that complexes of simple unsubstituted triaryl boranes be used 
because they tend to be more readily soluble in the acrylate-type monomers and are 
more easily activated to induce polymerisation by hearing or by acidification. Triphenvl 
60 borane complex is particularly convenient for these reasons. 

Amines having up to about 20 carbon atoms and having pK values of 10 or less 



60 



1,113,722 



25 



30 



20 



25 



may be used to complex the triaryl borancs. The amines arc commonly unsubstituted 

out suDstitucnts such as the hydroxyl groups in ethanolamine and triethanolamine do 

not interfere, and such substituted amines may be used to form complexes. Ammonia, 

oenzenc and sodium hydroxide also form useful complexes with triaryl boranes and 

are considered the equivalents of amines for purposes of forming such complexes. 5 

i ne nitrogenous complexes which are readily activated (e.g. disassociated) either by 

heating or acidification are preferred. 

Exemplary amines which form complexes useful in the compositions of the 
invention are listed in various classes as follows. 
10 Alkylamines: methylamine, dimethylamine, trimethylamine, tri-n-butylamine, M 

/i-butylamine, hexylamine, octadecylamine, octylamine, dodecylamine, terradecylamine, 
ctnyiamine, diethylamine, methylethylamine, methyl-n-butylamine, ethyl-n-butylamine, 
mcthyldi-w-butylamine, n-propylaminc, isopropylamine, tert-butylamine, diisopropyl- 
amine, methylamine. 

15 c>xIohexane lkylamineS: ^ clohcx y ,ami:ie > dicyclehexyhmine, 1,4-bis-methylamino- 15 

Aralkylamines: benzyl amine, ^methyl benzylamine, m-xylylenediaminc, 

p-xylylcnediaminc. / > / / > 

on a- /f 1 ^ 1 ' 11 " 1 ethylene diamine, hexamethylcnc diamine, trimethylene diamine, 
*u diethykne triamine, methylene tetraminc. 

Heterocyclic amines: pyridine, quinoline, pyrrolidine, 0-picoline, piperidine, 
pipecolines, pipcrazinc, lutidine, pyridazine, moipholine, N-methyl morpholine. 
Also useful arc certain substituted amines, c.g. ethanolamine, triethanolamine. 
• lriaryl Cranes thus form base complexes with the complexing agents sodium 
hydroxide, ammonia, benzene, primary, secondary and tertiary alkylamines, cyclo- 
alkylamines and alkanol amines, primary aralkylamines and alkylene polyamines, and 
secondary and tertiary heterocyclic amines. 

The amine complexes of triaryl boranes be produced by the same methods 
employed by Brown et al., J. Am. Chem. Soc., Vol. 64, pg. 325 (1942) and vol. 67 y 
pg. 374 (1945) for the formation of complexes of boron alkyls. These triaryl borane 30 
complexes may decompose very gradually at various rates on exposure to air, but 
they are relatively more stable and relatively safer to manipulate than the triaryl 
borancs from which they arc made, especially those of higher molecular weight and 
those formed from the more basic amines and sodium hydroxide. 
" Tte triaryl borane-amine complexes arc employed in compositions of the invention 35 

in amounts ranging from 0.05 percent to 6 per cent by weight based on the weight 
of the acrylate-type monomer, and usually from 0.5 to 1.0 percent by weight of the 
triaryl borane complex is presently preferred. The complex is added to the monomer 
before addition of the free radical catalyst, 
40 The free radical catalysts, and in particular a peroxide catalyst, can be incorporated 40 

m compositions of the invention in amounts of from 0.01 percent to 5 percent based 
op. the weight of the monomers. Amounts of from 2 to 5 percent based on the weight 
of the monomers arc generally employed, but amounts of 0.01 to 2 percent are used 
with advantage when the composition is activated by an acidic monomer (such as 
45 mcthacrylic acid). These compositions are usually stable and storable for periods up 45 
to one year or more. Polymerisation of the compositions of the invention is induced 
by activation either by gentle heating or addition of an acidic starter. 

Certain compositions of the invention contain from 0.5 to 2.0 percent by weight 
of oxiranc oxygen, as is more fully illustrated hereinafter. The presence of the oxirane 
50 (or epoxy) groups represented by this content appears to enhance the adhesivity of 50 
cured compositions containing them even after prolonged exposure to moisture. The 
oxiranc groups may be present in a monomer made by the reaction of an excess of 
e.g. glycidyl mcthacrylate with a phenolic material, such as bisphenol A, or they 
may be introduced into a monomer prepared by another route. It is found that it is 
55 advantageous in such compositions to provide a small additional amount of nitrogenous 55 
base, e.g. N,N-dimethyl-p-toluidine, in addition to any base in the triaryl borane- 
basc complex. Such nitrogenous bases may be present in sufficient quantity in bismeth- 
acrylatcs cr bisacrylaies as impurity or a small amount may be added. It is desirable 
that the base be one which has a pK value of not more than 10 and a molecular weight 
60 of from 30 to 800 and be present in an amount of of 0.5 to 2.0 percent by weight of 50 
the composition. Other suitable nitrogenous bases in addition to N,N-dimethyl-p- 
toluidinc, for example, tri-rt-butylamine, diethylcnc triamine, N-methyl piperidine, 
N-mcthyl morpholine, 2,5-dimcthyI pipcrazinc " and 1,2,4-trimethyl piperazine. The 
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ntaog t no„, bases present appear ,o act in some manner «**al,st, for polym^? 

«M?SiiS%X£^ whm M acidic c ™" i! "* 

mav L 0r Hf«J? v ^' 0 com P°" cn .t systems, the free radical catalyst and an acidic monomer 
wmnoncn Th, *P aratc, y * small amount of suitable monomer to prov ideTSd 
component. The f,«r component includes the triaryl-borane complex and omc mono- 

puddle of monomer remains on the surface, although the outer See St be 
•lightly tacky m some instances. In many instances, 7*. in St crtS taWh 

:^i. p inSg^s„v° r ^ "..yi™^ 

on charactenst.es. The incorporation of fillers such as those compSing^woISS 

SSlS 1 rt™ n , 1Um S ' llC ? leS ' ? r0Vidcs . d - entaI fillin S """Positions h£y?*SSK2 
trolled thermal expansion characteristics. These dental fillings are described [ £ our 
co-pending Patent Application No. 58597/67 (Serial No. 1,113 723) aeSCn0C<1 10 ° Ur 

Fo r dental purposes, acidification is presently preferred for activation of the 

compositions, as is the use of two component systems. -«i won oi uic 

r™n 5t l tCd • hcrcinab<>ve hcat or acids initiate or activate the polymerisation 
Generally, heating to temperature, of the order of 80 to 100°C for about 10 minutes' 
and often much less is sufficient. Such temperatures are sufficiently high to effect 
at leasx partial dissociation of the triarvl borane complex " * 

«h Jt'l 6 -" 3 "-?* addic ™ K ™ ls such « acrylic acid, raethacrylic acid, maleic add. 
phosphoric acid, acetic acid, trifluoroacctic acid, and p-toluene sulphinic acid fwhich 

2 r rSt m ? nCe r y bC P re ^ isso,ved a amount of mSSe^ffiS 

L P ^ y - °. SUCh SyStCm - thc m ?. nomeric a «ds which participate in polymer forma- 
tion, e.g. malc.c, atracomc, acrylic and muhacrylic acids are prefcVrcd, and such 
polymerised compositions exhibit better and more prolonged adhesion when thc cured 
composition is under prolonged exposure to moisture. Although any acid will activate 

^ e ft C S°H t,0f,S ? C ,n ^ cntion ' including inorganic acids, the most useful results 
are obtained using as the acid, acrylic or methacrvlic acid. 

( nr . ?- C follow,n S Examples illustrate compositions of thc invention and methods 
wise s pcc. P n r c C d Parat,0n 3 USC ' * Exampl ° S a " "* by W '* sht other- 



Complcxing 
Agent 


Table 1 

Total Weight 
at 12 hours 


Yield 
(Insoluble polymer) 


NH S 


99 


96 


NCCHO, 


99 


96 




98 


91 


Pyridine 


96 


81 
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EXAAiPLfc 1. 

A composition of the invention (mixture A) is prepared by mixing 100 parts of 
fusel oi! aery late, 2 pans of benzoyl peroxide and 3 parts of triphenyl borane-ammonia 
complex. Control mixtures arc prepared each from 100 parts of the same fusel oil 

3 acrylate monomer with 2 pans of benzoyl peroxide (mixture B), and with 3 parts of 

triphenyl borane-ammonia complex (mixture C), respectively. Portions of each of 
A, B and C are heated in the presence of air at 82°C for 10 minutes. The two control 
mixtures (B and Q show no reaction and remain fluid. The composition of the 
invention (A) is polymerised to a tacky polymer which is slowly soluble in ketones 

10 such as methyl ethyl ketone and is suitable for use in adhesives. 

Example 2. 

This Example illustrates an embodiment of the invention in which the monomer 
is combined with the triaryl boranc-complex as one component and the catalyst is then 
added simultaneously with ah activating acid as a second component. The composition 

15 can be polymerised directly and does not suffer from the inhibitory effect of air. 15 
The inhibitory effect of air and/or oxygen varies for different monomers and probably 
for the time and manner of exposure; that is, the degree of aeration of the monomer 
which may depend e.g. upon pouring from the container in slightly different ways, 
exposure to air for slightly different periods or ability to dissolve oxygen. 

20 .A scries of polymerisations illustrative of this embodiment of the invention are 20 

carried out employing as a first component 50 parts of monomer to which is added. 
1 part of different triarylbcranc-compiexcs. 

The first component is a mixture of 37.5 pans of the glycidyl methacryhte 
adduct ol bisphcnol A (prepared by reacting 1 mole of bisphenol A with 2J moles of 

25 glycidyl methacrylatc in the presence of about i weight percent of N,N-dimethyl-p- 25 
toluidine at about 60"'C for 36 hours. It is used as prepared, i.e. without purification, 
and thus conrains approximately 1 percent of oxirane oxygen and unremoved N,N- 
dimcthyl-p-toluidine, and 12.5 parts of methyl mcthacrylate to which is added 1 part 
of triaryl-borane complex, the complex being prc-dissolved in the methyl meth- 

30 acrylate prior to admixture with the adduct monomer. 30 
The second component in each instance is 2 pans of a 5 percent by weight 
solution of benzoyl peroxide in methacrylic acid. 

The first and second components were mixed together and poured into small 
aluminium weighing dishes under aerobic conditions, i.e. they were exposed to the 

35 atmosphere. In a few minutes at room temperature a disc of polymer formed, and 35 
after 12 hours the disc was removed from the dish, weighed, and any unreacted 
monomer and/or low molecular weight polymers and oligomers were extracted from 
the disc using methyl ethyl ketones. The weight of the residue (recorded as percent 
of original weight) is a measure of the extent of cross-linking and polymerisation to 

40 high molecular weight polymer. 

Table 1 shows the yields of insoluble polymer obtained when using different 
complexes of triphenyl boranc. 



40 
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Table 2 shows the rc&ults of otherwise identical procedures except that complexes 
of various bases with other triaryl borancs were used. 45 



Table 2 



Complex 

*(/>FC,H < ) J B.NH 3 
(P-CH,C,H 4 ),B. Pyridine 
(l-naphthyl) 3 B.NH 3 

CH, 

I 

(PFC.H J 3 B . H.N-C-CH,OH 
I 

CH 3 

CpC J H J -c,H < ) s B.Pyridine 
0 >FC «H 4 ) 3 B.(CH a ) a N-CH,-CH.QH 



Total Weight 
at 12 hours 

94 

91 

94 



90 

90 
93 



Yield 
77 
74 
73 

70 

66 
61 



"QffiS the ^^^jp* -th greater dissociation 
iJSZ f i m *T- of Iow Molecular St 2hffi h £LE^ are "d there 

J*™* is belicved *™ to the d!ffic52 J J££r ?r - Part - 0f variation ^ 

Ind£ hCy may actua,, y conanue to hiE I «S '/l S "Tj 1 .* the complexes 
™i£V° ?' ,th tne m«hacrylate add before r£, V hr ° Ugh failure t0 dis **iatc 
molecule A funher reason for the lo«i?viS5? «f^ 3t u has entered imo the polymer 
may be due to formation of lower mSSw S e hr ^ m ,° Iecular we ig ht W5J 
When the composition is to be em?teSl SrTSKi solvent-soluble polymer mole<Ses. 

yields of high molecular weight polymer S3. ™ s * h,ch .P«>ceed to very high 
base complexes those complexes i i wh?ch the u P 'T? as nitrogenoL 

It should be noted that die N N-dimU*5 « , i V aIl P h «ic amine or ammom? 
b,sphenol A portion of the firft coupon™ fst^ as ^ ""f ^ with 
dental resins, sec Skinner and PhilSS ff? " ^^tor for " self-curing » 

Saunders Co. Philadelphia US.A.\^tSm ° f ^ Ma,erids > W ' B - 
exceptor «* above 2 component systems 

insoluble polymer is ^I^^^aT^^JT^ i$ USed > jK** 
Furthermore, the gel-time, g/neral.y l^St^ ff^l*^ 

Tor ^^a^t-S,; cSSKSiW f *~ « ™> 

percent dimethyl p-toluidine as anTuxMarv accefc ? y °° dime thacrylate with 1 
derivatives. The same proportions are 2d ^/ T " p,3Ce of ^ bis P h ««>l A 
temperature (about 25°C) after mixine thf r« m I?„ tUne t0 S^-formzxion at room 
o the triary , boranc C J comS%time^X7^ In lhe *«£ 

gel-time for compositions containing different ^5*5? * ° ? 5 m - inutes t0 **• ™* 
elevated temperatures arc employed! Smef£ 33£? " Sh0WI ?. in Tab,c ™ en 
gelation, i.e. setting, is impottai in mSv mS!S * less - More rapid 

such purposes, of course, dilated I teSpSSJefS?? ^ in dental resins - 
gel-time attainable in compositions 'SESSS? &££?5ffi£ ^ afiB *™ Bd 
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Table 3 

,~„* Gel Time 

Com P lex in Minutes 

(l-naphthyl)jB. Benzene 2 .25 

(C $ H S ) 3 B. Pyridine 2.5 

(pCH 3 C,H,),B. Pyridine 2.5 

(C,H 5 ),B.NH 3 3 

(C,H S ),B.N(CH 3 )3 3 

(pFC,H 4 ) 8 B . H a N~C(CH3 ) a CH 3 OH 5 

^ Example 4. 

Compositions of the invention modified to be particularly suitable for use as 
hTSSTJ™ 1 'TJ "to****** fillin g "vides in teed,, may be prepared 

J? In '"V*^. ? match ^ Parties and colour of natural ««h 

Suitable filler matenals include 325 mesh silica or alumina powder feaSte 5 
of less than 0.0017 inch (43 microns) (diameter) and synSc flSSSSh? Tta la £ 
material is prepared by sintering stoichiometric amounts of CaF, and tribasic calcium 
phosphate « 1100»C for a period of 4 hours and reducing the particle sSe to p^s 
a 325 mesh Tyler sieve (which has 43 micron openings). Traces of suitable rinrine 
agents are incorporated as desired. The properties Tof the fillers may be modified fo? 10 
sflJne rCSm SIructure as ^ ^eatment with tris-(2-medioxyethoxy) vinyl 

Example 5. 

of rhe^ndoT^ iI1UStratCS *™ in!lblt for dcntal Ptoses from compositions 15 



The monomer employed is the bisphenol A bis(glvceryloxy) methacrylate des- 
cribed in Example 2 as the adduct of bisphenol A and glycidyl methaSte The 
viscous monomer (containing oxirane oxygen and N^-dimeVp-toSine) w* 
20 dUuttd with 15 percent by weight of methyl methacrylate to lowe? the So%. 

In the following Table 4 Composition A is according to the invention and Com- 
positions B and C are comparative examples, nvemion ana uim- 



20 



t 




1,113,722 
Table 4 



Composition (parts of each) A B C 



85:15 Monomer adduct: methyl 
Methacrvlate 


inn 


inn 


100 


(including N.N-dim^rhvl-n- 
toluidine) 


1 


i 


1 


Triphenylborane-NHj complex 


0.5 


— 


— 


Catalyst 








Benzoyl peroxide 


0.1 


0.1 


1.25 


Methacrylic acid 


10 


10 




Bulk gel time (min.) 


1—1.5 


1—1.5 


5—8 


Film gel time covered 


same 


same 


same 


Film gel time exposed 


1.5—2.0 


Inhibited 


Inhibited 


Tensile adhesion (in teeth) 


1200 psi 


1200 psi 


400 psi 



The above compositions were compared on the basis of time for polymerisation 
of a 5 gram sample of each in a 1.5 inch diameter aluminium dish (designated as bulk 
gel time); time lor polymerization of a 0.002 inch thick coating which was protected 
5 from the air by a laminated sheet of polyethylene terephthalatc polymer and metal 5 

foil, (film gel time covered) and another .005 cm thick coating uncovered (exposed). 
The tensile adhesion test measured the strength of bond of a threaded aluminium 
dowel .060 inches in average diameter cemented into a 0.064 inch hole drilled in a 
human tooth. For purposes of testing, the teeth (obtained from a dental clinic) were 
10 maintained moist and swabbed dry immediately before use in the test. Polymerisation 10 
temperature was about 25°C. 

The inhibitory effect of air in aerobic polymerisation is overcome by inclusion 
in Lot A of triphcnylborane-ammonia complex. 

A composition somewhat similar to composition C in Tabic 4 has been described 
15 (R. L. Bowen and M. S. Rodriguez, J. Am. Dental Association Vol. 66, page 378, 15 
March, 1962) which differs in containing no free oxirane oxygen. In that system excess 
bisphenol A is reacted with glycidyl mcthacrylatc in* an inert atmosphere and t-e 
excess bisphenol is then removed by extraction with 5 percent aqueous NaOH followed 
by water washes. Other methods of preparing an adduct which is free from oxirane 
20 oxygen are described in United States Patent No. 3,066,112. Such oxirane-free systems 20 
arc, of course, incapable of providing the interpenetrating reticulate structures obtained 
from compositions of this invention which contain oxirane oxygen. 

Example 6. 

This Example illustrates the effect of triphenyl borane-ammonia complex on the 
25 aerobic polymerisation of several acrylate-typc monomers. 25 
Aluminium nails with 0.25 inch diameter heads are washed with acetone and then 
bonded head to head by polymerisation of the monomers in situ for about 16 hours 
at 35°C In order to obviate the variation of strength with time, the longer period 
of polymerisation is employed for purposes of these test samples even though poly- 
30 mcrisation is substantially complete in less than 20 to 30 minutes. Tabic 5 shows 30 
the tensile strengths achieved using four different monomers. In each sample, in 
addition to the indicated monomer, the composition of the invention included, in 
weight percent. 3 percent benzoyl peroxide, 1.5 percent triphenyl borane-ammonia 
complex and 0.1 percent NjN-dimcthyl-p-toluidinc activator. The control samples were 
35 identical except lor omission of the triphenyl borane-ammonia complex. 35 
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Table 5 



Composition of 

invention Control 



Monomer 


Tensile strength 
in psi 


psi 


Methacrylic acid 


460 


370 


Glycidyl methacrylate adduct of 
bisphenol A (as in Example 2) 


345 


70 


Ethylene glycol dimethacrylate 


70 


0 


Octyl acrylate 


110 


8 



r;«« fr'S" 'V fCSU,t ° f brcakdown of thc bond to the nail heads rather than separa- 
™~ ° • • P°jy? c ? P*.*** thus showing the superior adhesion obtained employing 
composmons of the* invention. ' ' • * * 7 6 

5 Example 7. 5 

A composition of thc invention which is free from oxirane oxvgcn and N,N- 
d:methvI-p-ioluidme is prepared from 100 parts of 2-ethyihexvl acrylate, 3 parts of 
ocnzoyl peroxide and 1.5 parts of triphenyl borane-ammonia complex and poly- 
merised by heating for 15 minutes at S2°C. A control, containing no triphenyl boranc- 
10 ammonia complex, is polymerised under similar conditions. Each is washed thoroughly 10 

TaaZ : 10 rC ™ VC low mo,ecular wci e h * Polymers *nd unrcacted monomer 

ana crncd. Thc remaining polymers have inherent viscosities (at about 0.45 e/100 ml 
in methyl ethyl ketone) of 1.18 and 1.24 respectively. About 3 percent of the monomer 
irom the composition of thc invention fails to appear in thc high molecular weight 
15 polymer whereas 15 percent from thc control remains either unpolymcrised or in low i< 
molecular weight polymers. 
\ m Example 8. 

Other bis-acrylatc and bis-methacrylatc monomers (which terms will be under- 
stood to include monomers containing more than two acrylate or methacrylate ester 
£20 groupings), arc useful in compositions of The invention and are made by thc pro- 20 
\ ccdurcs described above for the addition cf glycidyl methacrylate to bisphenol A 

I An extensive recitation of such reactive .bisphenols is found in United States Patent 

No. 2,829,175 at columns 3 to 7. Other useful ad^ucts are formed in the same wav 
from alkcny) substituted diphe-tylolmethanes, for example, 3,3'-dialIyM,4 / -diphenyloI 
25 propane, and from diphenolic acid compounds which have the acid group protected 25 
as in thc amides. Bisphenols having linking oxa-containing chains and novolaks of 
bisphenols which form poly adducts with, e.g. glycidyl methacrylate are also useful. 
It is contemplated broadly that useful monomers for the inventicn may be prepared 
using glyccrylmono-acrylatc and mono-methacrylate ethers of phenols having any non- 
30 aadic linking group in thc molecule. This Example particularly illustrates thc prepara- 30 
tion and properties of monomers of the invention in which such glvceryl(meth)acrylatc 
ethers arc employed. 

The structures of thc several prepolymer ethers designated by Roman numerals 
and their empirical chemical designation are as follows 



i. 



7-A f-\^f-\ !P» 

CK 2 «C - C-C^» 2 .CrcH-CJf 2 Cr > C < ^VO-CH^CHOH-C^-O-C-C^ 



bisphenol A-glycidyl methacrylate adduct. 



II. CH-CH-CK, ' ■ 

• CH 3 



3,3'.diaIIyI-bisphenorA-glyddyl methacTylate adduct. 

Hi. 

CHj 0 




M-bis(m-[rnethacry!oxy glyccroxyj phenoxy) benzene. 

CH 0 OK 

«J I I fH OCH 3 

^jO OK I 0 J 



Scbacyl-bisrcsorcinol-glyddyl methacrylate adduct. 
7. 



rip "s «, £ 

£ 2 cH 2 rf - c-e-c«r 2 



S,1n^' Sphen01 A bi ?« hcr -Elycidyl methacrylate adduce of polypropylene elvcol « 

theSme N*-*^'-^-"** because of the procedure employedb making 

Compositions of the invention are prepared as descriheri in p Tamn i. •» t 
employing any one of the above prcpolSrs I toV JrrfT 2 

weight of triphenyl borane-ammoni? command ?0 wfiSELlrf iiSf* 5 7 
acrylatc as the first component and using a 5 plroent Mb?" Jeffhf«I«;^ 7 L meth ; 
peroxide in rncthacrylic : acid as the se/on'd , fimc^nenTn^ 
parts) is mixed thoroughly and rapidlv with 4 nam of rhe wliSLJy • ( u 

of a pair of . « 7 inch ahiminmm shoos or panels (which had previously 5cm fta£5 



10 



£ ^SS3 b^^^T Won MII^A-5090B). Each 
prcssu rc (about $ pJJ for 5 to 10 ^ nu l *K Wn,ed t0 P 01 ^^ » 
panels allow* to stand for a TfurthcrTJ f * P* »1 ressure released and the 

Prepared this way. The beads oTh£«£ • S^T ^ Six <* « P 80 ^ «« 
away and the panels werTsawed So^st a « *J overiapping join^Ure cut 
bonds were determined in an Instnm Si«25 t j^/^ ^ ««ngths of the 
peratures, and at 24° C after «SSe S^5?S ^ «*» » ^"ous tern- 

up to 60 days. Each sample ^SrtLnS SfS at 54 '4°C for 

testing. Results in pounds per «u«J1I2?f? 2 ^P"**"* for 20 minutes before 
repeated, the result? „ ' SrtSt^^ftZ" ™ e «• ™<n the testswS 
to withm 15 percent. Y thm about 10 of the average, occasionally 



11 



10 



Table 6 



Prepolymer composition 
Temperature in °C 


I 


II 


III 


IV 


V 




Tensile in psi 




-55 


500 


420 


500 


800 


320 


+24 


810 


'300 


1180 


1240 


1250 


+82 


1920 


530 


3500 




1320 


+ 121 


1570 




1250 






+149 


920 




1040 






Exposure (days) 












15 


1070 


1110 


1340 


1690 


1000 


30 


1170 


870 


1250 


720 




60 


1180 








1180 



15 



20 



25 



of co m p^o„ri C ; n d vS 6 h 0 a day°s expire SloV* ^ adhesion 

particularly outstanding as arc abo the SSS, V£? P* 0 ?* rc,advcl > r humi< % & 
at elevated temperatures. strengths of bonds of compositions I and III 

• . Example 9 

show variations n these consrifiienr« «wnple and Example 10 serve to 

percent N.N-dimethylVtoSe) Thc^SE." methac ^ ^SolJ 
being as follows: ; ' * e actual molar composition for each component 



15 



20 



25 



10 



15 



Component 1 


Moles 


, rrcpolymcr I adduct (which includes 


0.0032 


glycidyl methacrylatc and 


0.00113 


NjN-dimethyl-p-toIuidinc) 


0.00015 


Diluent monomer 


0.0007 to 0 002 

w • WWW 9 V . 


Triphenyl-boranc-ammonia complex 


0.00008 


Component 2 


Moles 


Methacrylic acid 


0.00142 


Diluent monomer 


0.0001 to 0.00032 


Benzoyl peroxide 


0.00003 



inch of overlap arc set in fibfc !k &£J5!i "*» ?„ 5 P""™* per ^ 



10 



15 



Tabu 7 

Overlap Shear 



Diluent monomer and level 24 a C 82 °C 



121 °C. 



Mole % Ethyl Acrylate 
10 

20 

30 

Mole % n-Butyl Acrylate 
10 

20 

30 

Mole % Isooctyl Acrylate 
10 

20 

30 

Mole % Phenyl Acrylate 



Mole % Hydroxethyl methacrylate 

10 770 



20 
30 



810 

f.A{\ 



1270 
1580 



730 
1010 



30 day 
exposure 



660 


1600 


1160 


920 


780 


1310 


1070 


940 


830 


1480 


1000 


1050 


820 


1280 


1200 


1020 


870 


1230 


950 


1140 


930 


1220 


720 


1170 



520 


980 


370 


1280 


1060 


710 


370 


1020 


1100 


720 


250 


1040 



10 


490 


980 


720 




20 


1060 


800 


430 




30 


1180 


420 


240 




Mole % Acrylonitrilc 










10 


820 


1490 


1160 


880 


20 


1080 


1555 


1160 


1060 


30 

Mole % Methyl methacrylate 
10 


790 
600 


1180 
1840 


620 
1020 


1140 
950 


20 


980 


1990 


990 


1560 


30 


970 


1720 


970 


920 


Mole % Hexyl methacrylate 
10 


770 


1520 


1060 


1110 


20 


640 


1560 


960 


1220 


30 


1420 


1270 


650 


1040 



970 
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Example 10. 

The amount of monomeric acid employed in the compositions also is found to 
cause some variation in properties. Tests similar to those described above are conducted 
using different amounts of acrylic and methacrylic add. The first component consisted 

5 of 90 parts of Prepolymer I of Example 8 (which includes excess oxiranic oxygen 5 
as glycidyl methacrylatc and N,N-dimcrhy!-p-toluidine as before), 10 parts of methyl 
mcthacrylatc and 1 percent by weight of tirphenylboranc-ammonia complex. The 
second component of the composition consisted of 80 parts of monomeric add, 20 
parts of methyl methacrylatc and 5 parts of benzoyl peroxide. The total percent 

10 of moncmcne acid (and simultaneously of catalyst) was varied by employing different 10 
amounts of the second component, viz. 4, 8 and 12 drops for each 2.0 g of Component 
1 (corresponding to about 7, 14 and 20 percent by weight respectively of monomeric 
acid). Tests arc conducted as in Example 9 and also with 60 days exposure to 100 
percent relative humidity. The results in pounds per square inch of overlap are set 

15 forth in Tabic 3. 15 

Table 8 



Monomeric acid 
and level 




Overlap Shear 




30 days 
exposure 


60 days 
exposure 


-55 °C 


24 'C 


82°C. 


121 °C 


Acrylic acid in % 
7 




1100 


1580 


1480 


1300 


1300 


14 


590 


2000 


2080 


1860 


1630 


1330 


20 


850 


2280 


2220 


1860 


2040 


1660 


Mcthrcrylic acid in % 


510 


830 


1320 


1620 


1140 


940 


14 


370 


880 


1440 


1390 


1260 


1680 


20 


400 


760 


1580 


1660 


1360 


1120 



All the above compositions are found to retain appreciable strength (upwards 
of 800 p s.i.) even at 149°Q this property apparently improving with increasing 
amount of methacrylic acid. It is found that when non-monomeric (with respect to 

20 tne acrylatc polymerisation) acids are employed in similar compositions, there is sub- 20 
stantially ho retention of adhesive strength on exposure to 100 percent relative humidity 
as in the above test. Among such non-monomeric adds which give poor results in this 
test, are certain strong acids such as trifluoroacetic, sulphuric and phosphoric acids 
and certain relatively weaker acids such as acetic, p-toluene sulphinic and pyromellitic 

25 acids. 25 
Testing of compositions of the invention for adhesion to tteth as a measure of 
their value m dental resins is very much complicated by the mechanical difficulties 
of obtaining a sound tooth surface free from fragments and fissures. This is illus- 
trated by the variation in results obtained in duplicate tests. Five human teeth pre- 

30 served moist having sound portions arc drilled with holes 01060 inch deep and 0.064 30 
inch in diameter with the sides converging at an 8° angle. Threaded tapered stain- 
less steel pins 0.051 inch in diameter arc cemented in the center of each hole employ- 
ing a composition of the invention, Component 1 consisting of 80 parts of the adduct of 
glycidyl mcthacrylatc and bisphcnol A (freed from amine and oxirane oxygen), 10 

35 pans each of glycidyl mcthacrylatc and methyl methacrylatc, 0.7 part of N,N- 35 
dimcthyl-p-toluidine and 1 part of triphcnyl borane ammonia complex. For each 
gram of Component 1, 2 drops of a 5 percent by weight solution of benzoyl peroxide 
in a mixture of 20 parts methyl methacrylatc and 80 parts of methacrylic acid was used 
as the activator. Rapid manipulation is required, as in dental operations, because of the 

40 prompt gelling of the composition. After polymerisation has proceeded for about 10 4C 
minutes, the excess bead of polymer was cut away and the tooth with implanted pee 
is aged for ,4 weeks at 37°C in 1 normal sodium chloride solution. The pins are then 
pulled from the tooth using an Instron tester and the force necessary to do so is 
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15 



20 



• 25 



30 



35 



40 



45 



50 



55 
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indication of variarion i^K^ tSh 2r sflt l^^" is believ <*to be an 
be in the range of 1700 to 200 ps aim'Sl tril S^L", thtt ^ ual vaJue shouId 
tion, but inclMiing fillers toinaS r^w i ? *milar compositions of the inven- 
surfacc over prolonged 1^1 ™n soi o r£ Z"hf adhesion » «">* 

and the presence of moisture P C mcchamcaI ««« educed by mastication 

WHAT WE CLAIM IS: — 

merii ^SH^^^^^'.^^ of a free-radical catalyst to poly- 

methacryJatc monomer or monSmcT J/ 2Lk ""V" v Plex ' acr y late <* 
are polymerised with difficult? bT£, «£.. ? • * hich m ^ absence of thc complex 
absence^ oxygen and STSSjfi ^^SK? * * a,m ° St 

RiB— Am 

in which R represents an aryl radical having from 6 to 12 carbon an™, a 
Am represents sodium hydroxide, ammonia, benzrnS or m aSn* ^ 

contatnVmrmeir^ ! ^'o^Z&ZS* group 

weight of the comTosiL 8 ^ 0XygCn ^ of from 0 5 » *0 percefw $ 

in iteb^iLiSSl^?^ iB Qaim 1 or Chta 2 in which the aryl radical 

has ^ornT the borane complex 
amine, a cycloalkylamine, and alkYnohmine » Lw™» *5 0ndar y * tertiary alkyl- 
amine or ^'secondary oc^SS^iS^ « 

*omo/toT£^ ''f 7*^ 

than 10 and a rTolecSla^grf, !rf fii^ShSSo" ^ ' PK ValUe ° f n< * m0re 

anvExam^e 0mPOSitfOn W Claim 1 "* ^stantially as herein described in 

=cidorn,«.SS^.dd C .' ain,ed ^ " ''" wK * *• «"»»««* acid is acrylic 
13. A process accoriin g to paim 10 and substantial!* as herein described 

For the Applicants: 
LLOYD WISE, BOULY & HAIG, 
Chartered Patent Agents, 
Nor man House, 105—109 S trand, London, W.C2. 

Primed for Her Majesty's Stationery Office by the Courier Pre« Lenmin^t^ 
Publish^ by the Patent Office, 25 Southampton B^ildm",, iS^irS? ift^g 

copies may be obtained. 
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